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HairAbstract Background: The detection of drugs ingested by humans by analysing hair samples for
their presence is now one of the imperative techniques in the field of forensic toxicology. A number
of cases pertaining to the abuse of opium or its derivatives have been registered under the NDPS
Act over the last few years.
Objective: This study was conducted with the objective of detecting levels of morphine accumu-
lated in the human hair over a period of time.
Method: All samples analysed showed the presence of detectable levels of morphine, even 90 days
after ingestion by the abusers. The concentration of morphine ranged from 0.26 to 2.2 ng/mg
(mean, 1.33 ng/mg) and the LOD was 0.1 ng/mg.
Result: Hair samples were collected at different time intervals from 40 opium abusers undergoing
treatment at a de-addiction center. The samples were first collected on the day of an individual’s
admission to the center followed by a second round of collection 45 days after the date of admission
and finally, 90 days after the date of admission. After each round of sample collection, the hair
samples were cleaned and digested, followed by extraction of morphine and its quantification via
GC–MS.
Conclusion: It can be concluded that once morphine gets incorporated into the hair, it will remain
there for at least 3 months and this finding can be used to prove chronic intoxication in an
individual, aid in solving drug-facilitated crimes and child custody cases, can be useful in conduct-
ing postmortem drug screening, drug testing in the workplace, etc.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Opium is extracted from Papaver somniferum of the Papaver-
aceae family. In Greek, Papaver means ‘Poppy’ and in Latin,
somniferum means ‘sleep inducer’. Poppy plants are grown in
various countries such as Greece, Turkey, China, India, Yugo-
slavia and Bulgaria. Opium, a poppy plant extract, contains
more than 20 alkaloids – nitrogenous compounds with lowl rights
/dx.doi.
2 H. Khajuria, B.P. Nayakmolecular weight – out of which, morphine is one of the most
important alkaloids and first isolated and discovered in 1805
by a German pharmacologist.1,2 Alkaloids when taken in very
small quantities, act as valuable drugs with addictive proper-
ties. Morphine is a narcotic, i.e., it affects the brain, changes
how one feels and how one’s body responds to pain, making
it a popular drug.2
Among various ways and means of detecting the presence
of drugs such as opium and morphine in a human body, one
method that is being extensively used these days for forensic
analysis is collecting a subject’s hair samples.3–9 The number
of drug facilitated crimes in India has increased significantly
over the last few years. According to the National Crime
Record Bureau (NCRB), India, a large number of drug abuse
cases have been registered under the Narcotic Drugs and Psy-
chotropic Substances (NDPS) act over the last few years and
the ones pertaining to the abuse of opium derivatives con-
tribute the highest percentage of such cases.10 As has been
observed by the authorities, in a number of cases, complaints
against drug abusers are registered long after the traces of
drugs abused would have been eliminated from the suspected
abuser’s blood or urine. However, as far as human hair is con-
cerned, once incorporated into growing hair, a drug can be
detected long after it has been eliminated from more conven-
tional biological samples like blood and urine.11–15 Accord-
ingly, hair analysis has found applications in drug abuse
treatment and rehabilitation programmes, workplace testing,
child custody disputes and other criminal justice cases.16 The
present study was conducted with an objective to find out
the retention period of morphine in human hair via Gas Chro-
matography–Mass Spectrometry (GC–MS).2. Materials and methods
2.1. Samples
15–20 hair strands were taken from the scalps of 40 subjects
(known opium addicts) from a de-addiction center in Delhi
(India) at three intervals during the entire period of the study,
i.e., on the day of an individual’s admission to the center
(day 1) followed by a second round of collection 45 days after
the date of admission and finally, 90 days after the date of
admission. The hair samples were collected from the vertex
of the head of each addict to avoid ambiguity in distribution
of morphine in hair due to variable rate of hair growth in
different parts of the head.2.1.1. Sample inclusion criteria
 Only those subjects were considered who had been admitted
to the mentioned de-addiction centre on the date of sample
collection.
 Only those subjects were considered who were known to
have abused drugs at least one week prior to the date of
admission.
 Healthy (other than the problem of drug addiction) subjects
aged between 18 and 30 years were considered for this
study.Please cite this article in press as: Khajuria H, Nayak BP Detection and accumulatio
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 Subjects admitted to the mentioned de-addiction center
before and after the first and final dates (respectively) of
sample collection were not considered for this study.
 Subjects who had not taken drugs at least one week prior to
the date of admission were not considered for this study.
 Subjects showing any psychotic disorder or any other phys-
ical illness were excluded from this study.
 Subjects who had undergone any kind of cosmetic hair
treatment or were bald were excluded from this study.
2.2. Sample analysis
Typically, each round of analysis included the following steps:
sample decontamination, digestion or extraction of the hair
sample and quantification of various analytes.
2.2.1. Step 1: Sample decontamination
Each hair specimen was first washed with 1 ml methanol for
15 min at 37 C followed by three 30-min washes with phos-
phate buffer (pH 6.0) at 37 C to remove any externally bound
drug(s).17,18
2.2.2. Step 2: Digestion or extraction of the hair sample
2 ml of methanol:triflouroacetic acid (9:1) mixture was added
to 50 mg of the hair sample as the digestion and extraction sol-
vent and the mixture was heated for 18 h at 40–45 C in an
oven. Sonication was used to improve extraction recovery dur-
ing the incubation time.19 Each of the resulting samples was
injected into the GC–MS.20,5
2.2.3. Step 3: Quantification of the analytes
The quantification of the analytes was done on Shimadzu’s
GC–MS-QP2010. The temperature of the injector was 280 C
and the flow rate of the carrier gas, helium, was 1.0 ml/min.
The temperature of the oven was maintained at 110 C for
3 min, followed by 210 C for 2 min and finally, at 300 C
for 5 min. For the quantitative analysis of morphine
(m/z 285), the detector was operated in EI-SIM mode.
3. Results
For this study, we analysed Morphine as being the original
alkaloid of opium, the first true drug21 and of significant inter-
est in the field of forensic science. The results showed the pres-
ence of detectable morphine in 100% of the samples, even till
the 90th day after the date of a subject’s admission to the de-
addiction center; the limit of detection (LOD) was 0.1 ng/mg
(Table 1). In the present study, the range of concentration
for morphine was found to be 0.26–2.2 ng/mg (mean,
1.33 ng/mg), which is consistent with the literature available
on this subject.22 All results were further subjected to statistical
analysis.
The analysis of variance (ANOVA) test was performed to
find out whether there was any significant difference in the
morphine levels detected in the hair samples of the threen of morphine in hair using GC–MS, Egypt J Forensic Sci (2016), http://dx.doi.
Table 1 Details of individuals from rehabilitation center and quantity of morphine detected.
Sample No. Sample code Age (Yrs.) Hair colour Daily dose (g) Duration (Yrs.) Presence of morphine in hair (ng/mg)
1st day 45th day 90th day
1. OHK 1 25 Brown 4 2 0.26 0.26 0.26
2. OHK 2 20 Black 5 3 2.18 2.12 2.12
3. OHK 3 20 Black 1.5 4 1.43 1.43 1.43
4. OHK 4 20 Black 3 3 2.2 2.2 2.2
5. OHK 5 22 Black 3 1 1.63 1.6 1.6
6. OHK 6 20 Black 5 2 0.48 0.48 0.48
7. OHK 7 23 Black 5 3 0.63 0.63 0.63
8. OHK 8 25 Brown 4 4 2.14 2.14 2.12
9. OHK 9 20 Black 5 1 1.8 1.8 1.8
10. OHK 10 20 Black 1.5 3 1.6 1.6 1.6
11. OHK 11 22 Black 3 3 1.5 1.5 1.5
12. OHK 12 20 Black 5 2 0.96 0.96 0.9
13. OHK 13 23 Black 5 3 1.43 1.43 1.43
14. OHK 14 21 Black 3 3 0.46 0.46 0.46
15. OHK 15 20 Black 3 1 0.63 0.63 0.63
16. OHK 16 20 Brown 2 3 1.3 1.3 1.3
17. OHK 17 20 Black 2 2 1.78 1.78 1.78
18. OHK 18 20 Brown 4 3 0.86 0.88 0.86
19. OHK 19 21 Black 2 2 1.6 1.6 1.4
20. OHK 20 20 Black 3 3 2.1 2.1 2.1
21. OAP 1 20 Brown 2 4 2.14 2.14 2.1
22. OAP 2 20 Brown 2.5 2 1.8 1.8 1.8
23. OAP 3 21 Black 3 3 1.6 1.6 1.6
24. OAP 4 20 Black 4 4 1.5 1.5 1.43
25. OAP 5 22 Black 1 3 0.98 0.96 0.96
26. OAP 6 20 Black 3 1 0.26 0.26 0.26
27. OAP 7 21 Brown 2 5 2.18 2.18 2.18
28. OAP 8 22 Brown 2 3 1.43 1.43 1.43
29. OAP 9 20 Brown 3 4 2.2 2.2 2.2
30. OAP 10 20 Black 2 3 1.63 1.63 1.63
31. OAP 11 20 Black 2.5 2 1.87 1.87 1.87
32. OAP 12 20 Black 1.5 3 1.45 1.43 1.43
33. OAP 13 21 Brown 2 2 0.48 0.48 0.46
34. OAP 14 21 Brown 2 3 0.63 0.63 0.63
35. OAP 15 20 Black 1.5 2 1.38 1.38 1.38
36. OAP 16 23 Brown 2 3 0.56 0.56 0.56
37. OAP 17 20 Black 3 1 0.3 0.31 0.31
38. OAP 18 23 Brown 2 3 1.33 1.33 1.3
39. OAP 19 22 Brown 1 4 1.8 1.78 1.78
40. OAP 20 20 Black 1.5 2 0.86 0.86 0.86
Table 2 Analysis of variance (ANOVA).
Summary
Groups Count Sum Average Variance
1st day 40 53.35 1.3338 0.38054
45th day 40 53.23 1.3308 0.37638
90th day 40 52.77 1.3193 0.3742
ANOVA
Source of variation SS df MS F p-Value F crit
Between groups 0.0047 2 0.0023 0.00622 0.993805 3.073763
Within groups 44.114 117 0.377
Total 44.119 119
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4 H. Khajuria, B.P. Nayakgroups, i.e., the groups of samples collected on day 1, day 45
and day 90 after the date of each subject’s admission to the
de-addiction centre. The ANOVA table (Table 2) shows F
(2,117) = 0.00622 and the p-value for this test has been found
to be greater than 0.05 (reported in the table as 0.993805). This
implies that the F ratio does not lie in the critical region. Thus,
there is no evidence, at a 5% significance level, suggesting any
significant difference in the results obtained from the three
groups. Therefore, it can be concluded that once morphine gets
incorporated into human hair, it remains detectable there for
at least 3 months.
4. Discussion
Hair analysis started in 1979 when Baumgartner and col-
leagues succeeded in detecting opiates in the hair of heroin
abusers by Radioimmunoassay (RIA) and estimating their
respective opiate abuse histories by sectional analysis.23 In
the present study, the range of concentration of Morphine
was 0.26–2.2 ng/mg (mean, 1.33 ng/mg), which is consistent
with the studies conducted by Klug (1980) and Marigo, et al.
(1986) according to which, they had detected morphine (in
human hair) ranging from 0.1 to 10 ng/mg and 0.08–15.7 ng/
mg respectively and had fulfilled the requirements for hair
analysis by corroborating the RIA results by Thin Layer Chro-
matography (TLC) with fluorescence detection and using
HPLC with fluorimetric detection.24,25 Goldberger, et al. iden-
tified heroin and 6-MACM for the first time in 1991 using GC–
MS for the detection of opiates in hair.26 Kintz, et al. in 1992
confirmed the presence of morphine in hair in a range of 0.41–
11.74 ng/mg, which is consistent with the results of the present
study.27
5. Conclusion
The scope of hair analysis depends upon the detection of drugs
and their metabolites followed by their quantification in the
hair matrix. A hair does not have its own metabolism or excre-
tion system for flushing out the drugs that get incorporated
into it. Hair analysis has applications in forensic toxicology
as by the time drug-facilitated crimes are reported to the
police, the drugs in question are usually eliminated from the
conventional samples, such as blood or urine; also, hair does
not decompose as compared to other biological samples.
This study clearly indicates that once morphine gets incor-
porated into the hair, it will remain there (at least for 90 days
after the last intake) irrespective of the kind of treatment
undergone by a subject. The negative test only indicates that
the amount of morphine in a sample was not detectable. There
may be various reasons for that, such as duration, quality and
quantity of drug consumed, and analytical problems (i.e.,
extraction methods, sensitivity of the analytical instrument,
etc.).
Applications of drug testing in hair range from proving
chronic intoxication in an individual, helping in solving
drug-facilitated crimes and child custody cases, in conducting
postmortem drug screening, workplace drug testing, etc. In
future, the modernisation, hybridization and advancement of
analytical tools and techniques will facilitate detection of drugs
at lower limits with greater accuracy than is currently possible.
This will lead to a wider acceptance of hair analysis for drugPlease cite this article in press as: Khajuria H, Nayak BP Detection and accumulatio
org/10.1016/j.ejfs.2015.12.002abuse by the criminal justice system making it a great boon
for the forensic community.
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